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(54) HEAT TRANSFER TUBE AND MANUFACTURE THEREOF 

(57)Abstract 

PURPOSE: To provide the heat transfer tube having; 
heat transfer surface structue, high in heat transfer 
coefficient and durability, land the inexpensive 
manufacturing method thereof by a method wherein the 
shape of the section of protuberance, provided in the 
tube, is constituted of a circle or a smooth curve like 
the circle at the bottom surface and an arbitrary height 
while the protuberances are arranged in the* tube 
regularly along a spiral curve; 

CONSTITUTION: The protuberances 3 are formed on 
the inper wall surface 1 of the heat transfer tube along 
the spiral curve. The section of the protuberance 3 is 
circle -or ellipse. When single-phase -fluid, having no 
phase change, flows: through the tube; the fluid 60 at the 
central portion of the tube flows into the axial direction 
of the tube, however, the flow direction of fluid 61, near 
the wall surface of the tube, is curved: and a part thereof 
generates vertical vortex haying the rotating axis^ thereof 
in the axial direction of the tube when it flows through 
gaps between protuberances. In the transversal section of the tube, the stream line is not 
curved suddenly when the flow collides against the protuberance since the protuberance is 
provided with a curvature, therefore, effect of corrosion due to: the shear stress of the fluid may 
be small. 




9 & m ft a (a> 0S61 -289293 

®lnt.CI.« SU8US^ ©2W BSW61^( 1986) 12^198 

F 28 F 1/40 A-6748- 3L 

B 21 C 37/22 6778- 4E 

F 28 F 5 1/42 6748-3L SSlf* ggfrPg 3 (juH) 



®# IB BS60- 128200 

P 9560(1985) 6 BUB 

±ffim^5iBT603S% B Sr$JfFP>f ±»I«rt 

±?im*ffl^Bi355os% B£m8ift:££ft±?ai^[*3 

JEWS* ttHBK*.*>rt 2 T S 1 # 2 * 









$ 0 




@£ 


!8 


% 


m « 


m - 


@3fe 




m 


en 53 


« 3 




!B 


% 




fi 






% 


12 * 


115 




W 


% 


A a 


it 


©aj 


m 


A 




@a 


m 


A 


b 


©ft 


m 


A 


#g± 'hill 


MB 



w m * 

l . £ bjj a £ ft ejR*atf*©»ift#i& 

« © h * *r u . #«a«on«)irrt«iiittf« 

& 35 S . S?tf0.4 5b-*0.6b, R ft # 
fttfyf 3.5-Sb *C ft y . & ffi & ft & 

o) as a k *> -6 * ft mt m « # n • « n *> t < « 
c n 6 k is « u fc & «> * *» * ffl « * ft v . ^ 

2. & 1ft « A B II . l*ft&^»*BKft0>»tt 

k *t u -c * ft * b * *r b • eiftir^WK#iLK 

(cttE&^1*'5 t^^^^t, Hfitt&^filiSS 
3 . 5 ra ~ 5 ra . «*fflfcT5'*-*t5BB~l5m 



■C ft y . * "3 * 3* »t IS fl & ft « CO ffi Z ll 

fli/ftft«6*4»i*^y. «t m b a # 5? 

3. <S ift ffi B tt Jo X fc* y • l * ft * 

CD IC £ H T • #«J:lC0r8flMc£S*r*rT* 
BmttaXAkHtfBfcHXAfcH^T*** 

6«w^o»aiUiinx«:ff<c^ci:m:y. 
3 . n 0 n m u tst w 

y. «jc*««ej»*fcaufeB«»at;*0B 
i*tc^^-s^B^-t?ft6. 



-499- 



I* £ & tfi S H ft T U , Cft*tf>tf<&rtffi0) 

* ifi I* S k flo x * 2 ft ^ ¥ 0) , * S « S* 
^3, 768, 291 to»«r9cjctt©y^fc«jLfct, 
CO. *H##283,a30,087 <D 0 * 

5 *KiaiDXU<fcy-fc<)8wfcfcm:t/iHfcrc£ 
Sttttffi«£&wy*tftf*a£ftTv**. 

*t«*ftfc:J:*Jtt<*»fc£G % £ & 

* £ £ ft ¥ is u *t l r & . *<*tf*<Dg&#t?«fc£' 

t/ «> £ 58 ft x * ;u * » £ CO £ i: ft U . Z <0 
flg ic o i> x li . «fc »J u ^co?S$ . 'J 



6 3 4 ? * . * i* (c) tc^-r^^^wow 
i<k^. fc*i*tt (D) 0»**«tfc38rfcJ: 

I* , SB 4 0 ( A ) , ( B ) . (C), (D)'C» 
y*3KftA6*ftift*'C»ja«ftTo*. ft is , 

^11^30 (A) - (D) 

X A 5 2A(/«Jati;iA54 & ^t40l2<*5O 
& SI « # flSl < H5 m ■* * ) »c J: * @ te S -tir . # J* 

£8 3 & JBa»T * . ffJSUlAOttd* 
I* ft A IC «k U O - O ' »«fl!)fcfi/f tfft* 4. 
ft. *? . & fi 3 <Z> # . OU^JCU, 



»l»B861-289293 (2) 

J: \) h & < ft * . 
r ft m & ft X 0 ft It ft tf ft * ft ^ <& V . £ AS tc 

* . 

C ft W co B ft ) 

* ft « 0 B ti fit . Jft<5a*tfSnttffifcW*i: 

&t/*<0£ffiftH*&&&#T*c:i:lcfc*. 

tftW<0«S) 
r « ft bji cd » » « . vrtJcHitfcSSfiottwas 

*fctt£H0*}fttt&*ft«*-C*rtaft. r 
<B <fc } ft £ S * . f rtK6*^tt«fl*»:i9-3T 

CftE 

# T . SftBco-SSajfl&jgi. ff 2 B 1C J: U 

»^ta, e a * A a a l tc . £fi3&6ttA,# 

C0ffl«l4i:fi-DT^fijlf 4. w 0) £ fi 3 I* . SB 3 

0 (A) ^ ¥atfR«J0>£S3 2*. 



t ft a . 

«S3ic3fcy*tffl0Efl*0Rffi#isiirs/* 

It, •«ttXA54Kfljtfcftfc#4O0>HH:fr 
fl£?*IC*U<. XA540jfPL^ttft&ai6 

54«r»nic»L-ca**isiicaeait6»^»c 

It. 4*&&UfcJR#®£&3®fl&irrtatC8t 
6 ft * . tt«titIA54&0i:^tJ:H@lE 

0*fcS3?!l tf^fiRS ft*. «UB^I{&$«IA 
54 tx^W 7^«i:ia*itT^. x ' W 9 ft 
KittfgBS?0tfJ&JiRSfta. ft*. 
* « # K 2fc »J . lA54i0^ttjfi^t4. 
A & $1 ft AO I* . ¥£fti0i:LT#.&. 

* * t: A fi 3 fca»«ac-cesia»4>ictt % 
»^»e. a»«fffiiarafc«e)CD«iBiiDx&t7-5 

1?#{g&EifiC0#a&iffiH£ ft *. £<Ofc*0* 



—500— 



tt*Mc. v & ^ $ i< * v n k m t & & * + * * - 

<0*£1?##ifitf ; tfttK3UT¥ft?&^tf'B t « 

^gtBRWtfftCO^yf-Zfcg^fcwttf-C*, 

* ft ft AS S h . »^*»^frtA»at/SI2i 

•j * e ^ * 0 & jh ^ « . w^*mttxA54©- 

M(9l^^tlD(tfi^i;33^35iB. ft 9c 

h it 0.4 5~0.8n*JtR«ftMil 0' 
-20" . #5fe(DfiwlU'it £ CO ifi 

r co # £ , ^nD^jfcntf. a a ft r « # 

* it r * - 

&««^a^l^&0* b *: S ^ . 5* - 20' 



ttBB 8361-289293(3) 

fcait40fcwLTfe4 tf. XA5 4fc£tt«afc 

zmnann* < x.*nm 

«!> n * . :J5J:^#*i:iy. & E 3 <o 81 0r 
f- £ g 3 <o 18 W ffi # 1* # . ^ejnjOTS^^iSitcrm 

%g<0;*:*Sco-«*:UT. «mcoftfttf2~ 
5 ca . fia#l.5~3«8£#«kv*. & g *>] it 
H co <fc 3 K . & * 8 & L . $fcfi»Ki***fcl/ 

aia. P9-gg#Mc a v> r . w^-ra^gratf 

tffl&C0¥?fr®.* U g ft L T ^ T <fc v> . 



6 0 it . £ tt (Sk A ft r ft < , & ® >fi # co ft 
#6 it*, 3? g k * u at n # # ffi * ft « * <o 

*SH8<o<sj*'ffco£git. K70u:mine><fc 
m m m v it . i*fttf$gK»3eoT*£g 

$ *tf 5: # t T V> 4 fc. «> . 3E « & fiUC ffl £ T K 
U^KftoTftft, Sffiic«<ift#0)ttftflKg 
H T 6 ^ »i £ £ « ^ ffl # <fc U '> ft < ♦ ft <* CO * 
A, St JC £ ic g H r 4 « A CO ft ffl /h S n . * . 
»80t:^t«k^ic. # W ffl *C *» , g CO fl3 ffi 65 

#£ia4ftftfciis*&*fT*fctf>K* « # <o # r*i 

co & ft ft « <b . a it < * co a * fi it '> ft < * 
tta<oftfflK<fc*«A<oftMitr< *> 1* * *c & 4 

1 (0 * T t7 O . 



$1 JBaHWfctt 





2 m / s 


* £ 


4 0 TC 


P H 


5 . 0 


C ft * 


6 0 0 p p m 




3 o a 



£2 



£g $1* 


iaA*8S(»/year) I 


- fcx; iStt U gg) 


0.56 


Hft;*jBtt<£g * fl#> 


0.77 


S fc 5c Jfc tt ( £ g # A v> ) 


0.54 j 



*l * <0 CO # . £gtfftj&c0Hfc7C>&t*c0t> 

<o * u « * a & # « < ft ^ x v> * . £ ft it t£ # 

fcy, cc:K;*bfc&gtfAv>Hfc7E#ttit£ffl 
WUlt32Uo^?Lftv^i«ttcoaJKTfe-2). 



-501- 



K L . «Sfi(|ffrttldttl 4.7a«l 5,8 

£ e * 0 . 4 5 gb (Oft) , 0 . 5 ■ (Aft) , 
0.6oi (DEP) K£*fc»£®|»{gii*&UtflE 

am*coi»£«*ij*r. ttiatcttL/w^^xjBt 

( = u • d / u . u (ra/s) , 

d (») . v < m » 

/ s ) ) V . *«n^^7c{t:$nfc»ea*Nu 

/ P r* 4 (=ad/X/Pr # * , a : 
(W/m J . K) , X : (W/m 
•K) , Pr:»«:«y7>h;i/») . & & 



ft « iff * U T v> * 0 -c £ J» ffi £ «& * '> ft < ft 

CDrtStffcKbivTP*:*** (WiUf. R.L.Webb 
and E.R.G.Eckert "Application of Rough 
Surfaces to Heat Exchanger Design" t 
International Journal of Heat and Mass 
Tranofer, Vott.15, p!647~ P l658 , 1972) Vm 

( s t / s t . ) 

( / / / .) 1/3 

^ co j: -5 * 2td x & ife u r n ft i>¥ ?? t z ft e> co 

<o ffl it v i& k o v> r it i -e * »j t £ & ft ftg ft 
it o n L #o "C f © K i < 4 y . ± u 35 



^B3B3 61-289293 (4) 
a k @ ^ u r \t ft t> . v co ffi i: fa ^ ^ x & 

anuctf v>r tttt*-*nc*a t> nr v> *Ditt ua - 

Boa Iter CD £ . N « = 0.023 R o • * P r ' * {if 
5 7 A) U<-«1. SfcCDEfitt»lCtt^T 
ttPrandtl 0 & 1 / f7 = 2 . 0 fl og (Re J"7 ) 
-0.8 (i/77B) £Jl<-#Ufc*&3i#8£ 

ft a, 5.8. v 

. &£&JHK-DV>Tfc. & fi iff 3 0 . 5 an ±: 
0 . 6 tn <0 CO li . ¥ ffl (A) K Jfc L T 2 f3 & 

» 1 0 0 i: ?n S n 4 «): ^i; . 8SiI5$o&»< 

co iff ;ja n £ co # & < ft o r v> * . 

* £ ;o « * # ;« < ft u . & * ?a » u ± . Sam* 
ft*t^es^0±^^i^fit>Da*«tt 
a^^»i»u*^ft<ft5. -rft*)*.. z<o&<£ 



»«*0.5« <k U » < ft o * £ , * 4 vwi 

o.5« <tofi<ftai:efattfiatttti>ffl$:^-r. 

i: H % # *> U • ^ ft 3 K «k U ^ '> W fiS <0 3 vW* * 

76yrf*» (?KS«Flr?B3 f 768,29l ^ffi^) CO 5? 
Br-* (e = 0.3« f p=4ni) J:lJ,{gfR 
ttlfiSr^r^ (1) fcftU. 

0 . 6 n t ft -6 . 



-502— 



£ b , *fc£S»S&0.45- tlf:»^^)i 

* * . BKfcHT, z^2,5a ) » 4 m 

(OPP) , 5b (a«J) <&«*tfmSttTV**. 

nt it z = 4 « *t*ntt ^ b x « y , fifitt*/ 

I* . 2=2. 5 m CD^^^* < ^^tV^^-C x 

z = 2 . 5 ■ a • * I* . »12Ht3t«n*J: 
5) teas 5 fcfcfis KflKL 

< **ftiRM7 #*u«n«. r**>*. sat 

1 1 B£-&tc£8 (Ofll, p = 7 m , e = 0 . 5 



»HW61-289293(5) 

b . CI©***************** 
i = 4«<Z>«£l*. » 1 3 H (□) twni 

#cDtt«-c*n am* < « b. 

© * , «i<*ofiar*n^»^. £ ;& tn * & Jb 

&S<0*#;frfc<&E«btt3-T&Ofc. CI <D £ 

< a n . sbiihk^sjv**}^ n « * « if 

% zs4H®«6£Utt<«U.gMte#j£< 



>kt*s<, st/ste/ (///.) T** 

fep©«tt-*7C«J^ ( e = 0 . 3 ■ , P = 4 ■ ) 

IC . ^fr^y7ttfc»tf05S»T-*a>e>*ffib 
fcffl«fcyKi*«H*H*3£-r*«H*1-*i:, HA 

try^z=4«flD»^ic. f #5 

»15HKir«3Srwl«tfy*#5Bi ( V SI ) , 7 
» ( A PP ) , 1 0 « C0«*Sr^r, 



£ 16 « U 5 m £ 7«C)tlt*^Jt^«(Hl 

S0«*#*17H (a) Ua5«^T, 
■ Uf:«^, fl = 0.5biX 1 0 = 5» -C * U . 

* t* . sua (b) twnu^p>fi 
o»^-c. ytiaafitfy**);* 
»>fii^T, mo> s nr u v> ®# & 



—503— 



(mi em. o) * u a < . R^ss^ffl 

ft IS 0 i: f ft t . tf«#ft<ae:y*0lSBtt5i« 

~ 9 -t a 6 . 

« - 0 . 6 m , PJfl#fflC0tfy^tf3.5«~5 

ii ft » ft I* . *fi!>fiaiK.kOT*ftft. ft 1 8 
HKacjgftftiftftlx. £fi3tf^AtttcR?!jaft 
/<*->fr*Ofc*0>-C. £ fi a 

fc«<gii&#tf«#3ftft;bttr&fttffti 9@ 

icgitii^iic. **#<&£S 3 & EAT 6 t 
£ fi ft 1 00(07»^5tfflfr<S8J^Sl/^iBtc» 



:ktfr«f. ftftfffttf* f cot. fcf*tf<&« 
»tit. iaxc*ftia»tf#tfs 

itffl*iftfc*« , r*iftii)W*«. s <& «> * © x 

Bfc&t'T. ft2O0£*-fcfc5tctttteo¥?tgfl 

2p7o*y*as:»fji-r*isioca»^»jA«n 

T^ft^»aK£ftKft»B<5BK««ftfcJ»ffi 
*$208&Ktfft. ft £ . 230l*£j&3*S 

ttftBK-ceftHB-caft. 
*»»lwxfctoi&Kfin. too^f rt'j^i^ 

fiSrftfcfcfla-yi/iQX&troTfcJ:^?*, f*3 
n-;uioxfctf:>l!&lcn-^iox;SXA<&*ififc 

y r ft » j* u , -t00*>tf*««finxfcft}» 
mctfUTtti*4 5 - © # a ic a n » ( o . i ~ 

0 . 2 ■ ) ft j& fiX £ ft . ft K * K # L T « « 



»BBB361-289293(6) 

t* »c u # * a & tt ft i* < ft a . 

— 38T • ttJH*»6)B^6ATi'*. u /I/ y - h <& 
Kfi«i«iTi^, ofctfft-fcTty^tttfi* 
ft l I0ic^n4m:j»{siltt«li»i^, 

Earn* ft*, sam****** 

t. racattfc#B£tfft<BK3?T4rf>:fft;0 

< ft ft s ft 4 <o -c & a m * it ft # a? a . 

y . raisnft»-c*ntf&*ej»»«tt^ft<r 
a < ft y . 

& ft . 

e ft * « k y r & * * * * n - gum x -e j& -r 



>2 12fcJ&fifc$«frft. 

tfyf lt0.4~0.6Btfiat*4. Z <B <fc } 

ic-Tftcfcic^y. iraxttK¥it-c*ofcfi±*c 
y 3 * y • tt © ? -f v-fli # H * ft a . & <& x n 

& ft utt 7 ■< y 4 o^t J: -5 ft 

* tt e * u • »»7-<>ra^S:j»^Lr. £ ® 

©BATK2SfH2 0 9 t 53 a 2 1 0 £ *f * ft £ ?l 
^«ifi208fe^^ai5Rft. »2lBKfiSB1f0 
ft ft &^t. 

ft *. If , COJ:^«iiBif # 
ic«ft£tf«j«<*T&ft:7U*>fc8fci*1-«* 
ft ft K i: ft . CJft*fc*«:iHrticflrALfci/x;i/ 

ft*ro««*ftT^a, ff^fflo^coaxA^tr^ 

&n*n0#a«Tfcft. *nsti*. ^e©i?tt 
Kiy. «af3fitfic»v^raftfir*j«L. srtfi 
t»rt»©±at®i!D«>jR«j»»'. ^fftftffi<o» 



-504- 



sauc *> i>r n, -i^a^esii:. &mftiz 

9 2 2 0K9 2 100f|«fl<Ot><Br&jBSS 
0 . 3 m ®li£&MtcfcU. £ S fcT y * P <5 

«^Gfft&*tffc>bn*£fi£s/f-P 

<oaaft«5H ttp> * . o*u. p*^*i>»^ii 

9)2 30<3«fc5K&fi3k:J;^T£r*»ncoSl 



ftfifl 0361-289293(7) 
fiTTi. c: co$£. tfrtflSO&Bttfttf ft 

ffiwfiTffl^A^* p. *<Bfc*>KfSJfttffcLr 
<Bt&£ttft£Jfc&*ttPtf**<ft**fcaMcft 
"Ft 4. ft tc P * « n • £ tt . feiSK.tn 

anuft^fca. if rt5fi«8^a<og)R«i*a:-t m* 
t' £ <t u ft < ft * . - # . * * <H n . p # * * < 
ft * * . tf#<tf*<adifc*ffi«<D, 

as a k # r 6 w £ # * « n * a < ft a a k . 
#&»£jfctt«gfcfc«KftTT *. (tor, em 

tf*Lr<&J&£ttft<5Jftfc*llPaWjx£<ft^r 
t>fc»K<ttT-f6. £l±S>«fc3ftSifclc«fcor, 
ejft«Ott^Wft^^J«l*S:W<ftoftaift^j8 
try^POlSB ft*. 9 2 2 0 

^^ej»«<o»aia*<oftaft«rai±5Bi~i s 

Kfc*ftW<0ffl«aS2 1 5 t zk it r s r . £ S 



fi8 $Q X & ft O & K . tftfi2 16K(5&tf&#A 
LTtfffft^ic«fcUtf$i:fi«*i:S:B£T*;fr 
•ft^Ui. tig * CD ^ 7 9 M X . * 4 n tt 31 * ifc 
* An X tc «MJ IT ft K £ E fc K * # 11 . <2 & 

co 19 «3 gp * hu- h v ft it ft in x tfi as * ft 
t a . -jLffrt^fiHttx&trofca^, m « © # 

fiot^i. t£or*&JflK<J;*{5&tfH, fx 
a, . *a-7&2*ft»fc«fi&-r*»^K*;nr. 

-tC0«3iXS«:K^-rrt^^TflStfti. 

( 8 H/J CO 3U 

* » H J: ft tf . Jft{s3*tf;BS<if;Xtt<&S^ 
4. 0 So 0 ffl * ft Sft E 

91 0ii*&$co-£temcft*{s&tfco«»T 

ffl 0 , 9 2 0 It . ^«B^^)(5jR^«ia5:^T5S5 
tt*#fc0. 93 0(A), (B) , (C) , 

(D) tl . ;:<&fti8 0ffeco£;&X«&*<T¥ffi0. 
5840(A), ( B ) . ( C > . ( D ) tt # * » 
300 (A) , (B) . (C) , (D) COttBfffi 



0. ®50&t/JS5A0l**»J9!0«i£CO--0«fr 
«60l±*^^0^ttco«^0, 9 7 0 
tt , **$Bj§®£*ft?®er%0. »8Hl*raiEWH 
990-91 10&U<9140~9l7Htt. * 

1 3 0&U<9 1 8 0, »190li«g^;fi:fi 
**tt*<Z>06ffi**?0. 9200, 92 10 11* 

-»2 30 1192 O0^^iM(Dtt6fi4KB^r5 
0. »24Btt«2O0^»«^i!*IHT 
HT ft * . 

1 3-3S, 4 0 -*. 5 2 -RfB 

SffilA, 5 4 .« * * * X A . 



ttSA /MUff 




^505- 





-506- 



ftfflBg 61-289293 (9) 



X 1 0 





1SBfiB36l-289293(10) 

% 15 GO 





» 23 12 




Iffia 8361-289293(11) 
& ZD S 




509— 



